Efforts to recycle copper from electrical conductors have lead to the development of specialized machines which automatically remove insulating covers from wires and cable products. In the past, certain wire and cable products were insulated using chrysotile asbestos. This research was undertaken to determine the asbestos fiber exposure risks associated with power stripping machinery to remove asbestoscontaining insulation materials from electrical wire or cable. A Rigby Machinery, Inc., Model 4H electric powered wire/cable insulation stripping machine was acquired along with approximately 42 m of asbestos insulated cable. During two separate, but nearly identical, test sessions, a laborer used the wire stripper to remove the asbestoscontaining insulation from the subject cable. This work took place within a closed metal building with a total interior volume of 2,500 m 3 . Industrial hygiene personal and area air samples were collected for airborne fibers throughout all wire stripping periods. Collected air samples were analyzed using phase contract microscopy (PCM) and transmission microscopy (TEM). The results of analysis using PCM for personal samples (n = 3) taken during periods of continuous cable stripping activity showed test period airborne fiber exposures ranging from 0.034 to 0.068 (mean 0.056 f/cc). Followup analysis of these personal samples using TEM indicated asbestos adjusted PCM exposures ranging from 0.017 to 0.045 (mean 0.033 f/cc). Area air samples taken at distances ranging from 2 to 9 meters from the wire stripper (n = 16) showed asbestos adjusted PCM concentrations ranging from less than 0.0001 to 0.041 f/cc (mean 0.007 f/cc). The process of power stripping asbestos-containing insulation from electrical wires and cables can cause exposure to airborne asbestos fibers. However, the levels of such exposure are not expected to exceed the current day occupational exposure limits for asbestos of 0.1 f/cc as an 8-hr TWA or 1.0 f/cc averaged over a 30-minute exposure period.
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• The process of power stripping asbestos-containing insulation from electrical wires and cables does not result in airborne asbestos fibers in excess of public health regulatory values of 0.1 f/cc as an 8-hr TWA or 1.0 f/cc averaged over a 30-minute exposure period.
• The conditions observed in this investigation represented the worst case scenario in a normal working environment with limited ventilation and frequent stalls in wire feeding that increased operator interaction with equipment.
• This investigation demonstrates the importance of TEM adjustment of PCM findings to accurately characterize asbestos and non-asbestos form fibers in the work environment. Results: Area Air Samples 
Materials

Results: Personal Air Samples
Operations which deal with large quantities of copper bearing electrical wires and cables may need the capability of extracting usable copper from waste conductors. Examples of such operations include; the manufacturers of wire and cable products, metal recyclers and public utility electric power transmission authorities. In most cases the value of copper must be weighed against the labor cost of extracting it from wire and cable products, which are often covered by electrical insulation. Specialized machinery has been developed which can continuously cut through most insulation coverings and allow for relatively simple extraction of the copper conductors. The Rigby Machinery, Inc. Model 4H used for this research is capable of continuously stripping the insulation from wires and cables varying in size from 3.0 to 25.4 mm diameter.
Prior to the mid 1980's,some manufactures of wires and cables offered products which were insulated using chrysotile asbestos. The forms of this asbestos insulation vary according to wire designations and included; felted, braided and tape styles. Much of this asbestos insulation was saturated with proprietary, high melting temperature, waxes, which rendered the otherwise hydrophilic chrysotile water proof, and held even disaggregated asbestos fibers firmly in place. There is limited data available regarding the asbestos fiber exposures that might be produced from disturbing wiring insulation. The only published study as of this date dealt with hacksaw cutting of armored Navy cable, and showed that during such cutting activities, "… airborne asbestos fibers of all sizes in air were not increased over detection limits." and further, that "The concentrations of airborne fibers greater than 5 µm in length were not significantly different from the detection limits…" (Millette & Mount 1999).
The Rigby Model 4H wire stripper as used in this study, is an electric motor powered machine having four round cutting blades oriented in a circular array at 0, 90, 180 and 270°. These blades engage the cable along its longitudinal axis making continuous cuts in the exterior insulation, while propelling the wires/cables through the machine. Cables with conductor sizes ranging 20 gauge to 1 million circular mills can be accommodated by this machine, at throughputs up to approximately 3 m/sec. The American Wire Gauge (AWG) designation of the test cable was 12 AWG 8 CDR BRD. Analysis of this exterior insulation using PLM indicated a 20% (by area) chrysotile asbestos content in conjunction with synthetic fibers and fibrous glass. A resinous binder was also present in the asbestos-containing insulation layer.
All testing was performed inside a metal building, which measured 18.5 m wide by 21.6 m deep with a pitched roof 7 m high at center, sloping to 5.5 m high at the outside walls. Prior to testing, the building was thoroughly cleaned of visible dust and debris. The floor was prepared by first using a dry dust mop, followed by power washing using a floor cleaning machine, (Advance Machinery Co., Hydro Retriever model 260 BHD). After completion of pretest cleaning, the building was closed and air sampling was conducted to determine the background air quality. Throughout the period of each study, the test facility remained closed, and all heating, ventilating and air conditioning systems were shut down. Indoor temperature, relative humidity and carbon dioxide concentration measurements were made during testing using a TSI Incorporated Qtrak TM IAQ monitor for the first evaluation and a Kestral 3000 for the second (see table Table 1 ).
Measurement
Temperate °C Relative Humidity % The procedure represented normal working conditions for this type of wire stripping. During each of two testing sessions, the available electrical cable was distributed across the south side of the test area floor. Then 1.5 to 3 m long sections were cut, which were subsequently fed individually through the stripping machine. Once clear of the machine, the stripping debris were piled on the floor until the internal conductors were manually separated from the outer braided insulation. Prior to ending each test, the asbestos-containing insulation materials were placed into a metal trash container and sealed.
Prior to each testing session, a set of five area air samples was collected from inside the closed testing facility. A second set of five concurrent area air samples was collected from outdoor ambient air. The outdoor samples were distributed upwind of the test building. Similar air sampling was done following cleanup of the facility after completion of each testing session. Background and final clearance air sampling followed the US Environmental Protection Agency (EPA) Asbestos Hazard Emergency Response Act (AHERA) methodology, and collected samples were analyzed using TEM, according to AHERA rules.
Air sampling was conducted according to the NIOSH 7400/7402 sampling methodology, which incorporates use of 0.8 µm pore size mixed cellulose ester membrane filters, housed inside 25 µm diameter electrically conductive extended cowl cassettes. For personal samples, Mine Safety Appliances; FloLite™ battery operated, portable, air pumps were used, with airflow rates set in the 2 to 3 LPM range. Air sampling cassettes were placed within the operator's breathing zone on his right shoulder. Personal air samples ran for the full period of each test which lasted 67 minutes during the first testing session and 28-minutes during the second. The operator also wore additional, short-term personal samplers, which were placed on his right shoulder. These short term air samples were used for assessment of excursion limit, airborne fiber exposures.
For area air samples, Gast model (1531 -1075-0288X), line operated, vacuum pumps drew air through cassette mounted 0.8 µm pore sized membrane filters at flow rates nominally set in the 8 to 9 LPM range. The sample cassettes were suspended at breathing zone heights (1.5 m above floor) using metal stands. The open inlet ports of these cassettes were oriented in a downward facing attitude. Area air samples were located at two meters distance north, east, south and west from the stripping machine (n = 4). Additional area air samples were located at the four compass points from the stripping machine (n = 4) at distances which ranged from 6 to 9 meters. Air sampling flow rates were measured and recorded before commencement, and after completion of each testing session. These airflow measurements were performed using a primary standard, airflow calibrator, Bios International Model DC-1. Collected air samples and blanks were sealed and transported for analysis to Bureau Veritas North America, Inc's. American Industrial Hygiene Association (AIHA) and National Voluntary Laboratory Accreditation Program (NVLAP), accredited laboratory located in Kennesaw, Georgia.
To determine compliance with OSHA standards for asbestos, a phase contrast microscopy (PCM) analysis was performed, as specified in the NIOSH 7400 and OSHA ID-160 methods. Where questions exist regarding the composition of airborne fibers found using PCM, NIOSH 7402 analytical methodology is indicated. Those samples showing the presence of fibers (those longer than 5 µm) above the lower limit of detection, were submitted for further analysis using Transmission Electron Microscopy (TEM). This allowed the determination of asbestos vs. non-asbestos fiber ratios, which were then multiplied by the corresponding PCM derived analytical results, to yield the asbestos adjusted PCM airborne fiber concentrations. Airborne fiber exposure data derived using PCM analysis and qualified with TEM analysis focus on fibers longer than 5 µm and wider than 0.25 µm, and are suitable for comparison against published health risk assessment databases.
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